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ACETAL COPOLYMER AND PROCESS FOR PRODUCING SAME 

TECHNICAL FIELD 

The present invention relates to a novel acetal copolymer and a process for producing it More 
particularly, the present invention relates to an acetal copolymer which comprises a polyacetal and a 

5 particulate crosslinked polymer other than a polyacetal which has a functional group and has an average 
particle size of 0.01-10 ^rn, said polyacetal and particulate crosslinked polymer being reaction bonded 
through said functional group, and a process for producing an acetal copolymer which comprises 
homopolymerizing formaldehyde or trioxane or copolymerizing formaldehyde or trioxahe with a cyclic ether 
in the presence of a polymer other than a polyacetal which has a functional group and has an average 

io dispersion particle size of 0.01-2,000 ^m. 

BACKGROUND TECHNIQUE 

Recently, there has been a great demand for polyacetals as engineering plastics because of their 
75 superior mechanical characteristics, fatigue characteristics and frictionai wear characteristics. However, with 
diversification of uses and demand for enhancement of functions of polyacetals, properties possessed by 
polyacetals cannot satisfy all of the requirements. 

In order to improve this point, extensive research has been conducted on modification of polyacetals, 
for example, a polymer alloying technique where a polyacetal and a resin other than a polyacetal are 
20 blended or a technique to modify the skeleton by introducing a component other than a polyacetal into the 
main chain of a polyacetal. 

For example, as an example of the polymer alloying technique, EP-A-1 15373 discloses that a 
composition obtained by adding to a polyacetal an acrylic multi-phase interpolymer having a two-phase 
structure and having a particle size of 10-100 /im is excellent in impact resistance. 
25 However, the acrylic multi-phase interpolymer disclosed in the above patent publication has a rigid 
thermoplastic phase as the outermost phase and since affinity of this outermost phase to a polyacetal is 
insufficient, the composition cannot be said to be sufficient in high impact resistance required for 
engineering plastics. Further, the composition has the defect that impact resistance in a specific direction 
decreases significantly depending on processing conditions. 
30 Specifically, impact resistance in a specific direction decreases when processing is conducted under 

conditions which apply orientation to the multi-phase interpolymer dispersed in the polyacetal in processing 
such as injection molding, extrusion molding, and blow molding. For example, in a weld portion which is 
formed by joining molten resins to each other in a mold for injection molded products, impact resistance in 
a specific direction of the molded product, namely, weld strength greatly decreases. This phenomenon 
35 occurs due to the fact that the multi-phase interpolymer dispersed in the polyacetal is not uniformly 
dispersed in all portions of the molded product, but non-uniform un-uniform dispersion such as agglomer- 
ation or orientation occurs in the molded product. 

Therefore, impact resistance of the composition disclosed in the above patent publication is non- 
uniform and compositions having mechanical properties excellent in isotropy cannot be obtained. 
40 The mechanical properties excellent in isotropy in the present invention mean mechanical properties 
which show no reduction in tensile characteristics and impact resistance in a specific direction in any 
portion, especially a weld portion, of molded products and having uniformity. 

Examples of the technique to modify the skeleton for solving the above problems are as shown below. 

For example, USP 4,535,127 discloses that graft copolymers having a structure where a polyacetal is 
45 grafted on elastomers such as modified ethylene-propylene copolymer and modified styrene-butadiene 
copolymer have high impact resistance. 

Moreover, USP 4,535,127 discloses that A-B-A tribloek copolymers comprising polyacetal units (A) and 
elastomer units (B) have excellent impact resistance. 

However, in these processes, normally, copoiymerization is carried out in a system where the elastomer 
so is completely dissolved in polymerization solvents or the like. Therefore, the resulting acetal copolymer just 
after being copolymerized is in a viscous slurry state and there is the problem that filtration and drying of 
the acetal copolymer are difficult and when the processes are industrially carried out, ft is very difficult in 
the manufgcfcuriog technique to stably mass-produce acetal copolymers. Besides, since this problem 
becomes conspicuous with an increase in the amount of elastomer introduced into the acetal copolymer, 
acetal copolymers having a large introduction amount of elastomer cannot be produced and this is a serious 
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obstacle in improving the impact resistance of acetai copolymers. 

Furthermore, according to the processes of the above patent, acetai copolymers just after 
copolymerization are a viscous slurry state and hence, in a short time, the polymers stick to the wall of the 
polymerization tank and smooth operation cannot be conducted. This is a serious disadvantage. 



DISCLOSURE OF THE INVENTION 



An object of the present invention is to solve the problems in the conventional techn.ques and to 
provide acetai copolymers having mechanical properties excellent in isotropy while ma.ntam.ng the 
excellent mechanical characteristics, fatigue characteristics and frictional wear characteristics possessed by 
polyacetals and a process for producing acetai copolymers excellent in production technique. 

That is as a result of intensive research conducted by the inventors, it has been found that a specific 
particulate 'crosslinked polymer functions as a good molecular weight modifier and the resulting aceta 
copolymers have mechanical properties excellent in isotropy. It has further been found that the acetai 
copolymers of the present invention can be produced easily by using a specific particulate polymer as a 
molecular weight modifier. 

That is the present invention relates to a copolymer composed of polyacetal units and particulate 
crosslinked polymer units which comprises a polyacetal and a particulate crosslinked polymer other than a 
polyacetal which has a functional group selected from the group consisting of a hydroxy! group, a carboxyl 
qroup an amino group, an amide group, an alkoxy group, an acid anhydride group and an epoxy group and 
has an average particle size of 0.01-10 pm. said polyacetal and particulate crosslinked polymer being 
reaction bonded through said functional group, and which has a viscosity of 0.1-10 (dl/g), and a process for 
producing an acetai copolymer composed of polyacetal units and polymer units other than polyacetals and 
having a viscosity of 0.1-10 (dl/g) which comprises homopolymerizing formaldehyde or tnoxane or 
copolymerizing formaldehyde or trioxane -with a cyclic ether in the presence of a polymer other than a 
polyacetal which has a functional group selected from the group consisting of a hydroxy! group, a carboxyl 
group, an amino group, an amide group, an alkoxy group, an acid anhydride group, and an epoxy group 
and has an average dispersion particle size of 0.01-2000 „m, to thereby allow the polyacetal and the 
polymer other than a polyacetal to reaction bond to each other through the above functional group. 

Best Mode for Carrying Out the Invention 

The acetai copolymers of the present invention will be specifically explained. 

The acetai copolymers of the present invention are those which comprise polyacetal unite and 
particulate crosslinked polymer units wherein a polyacetal and a particulate crosslinked polymer having a 
functional group selected from the group consisting of a hydroxy! group, a carboxyl group, an amino group 
an amide group, an alkoxy group, an acid anhydride group, and an epoxy group are reaction bonded 
through the functional group and the copolymer, has a structure of particulate crosslinked polymer units 

beinq qrafted on polyacetal units. 

The polyacetal units in the present invention include polyacetal homopolymer and polyacetal 
copolymer. The polyacetal homopolymer is a polymer comprising repeating oxymethyiene units <CH 2 0> . 

The polyacetal copolymer is a polymer having a structure where oxyalkylene units: 

Rq 



■f-f- C ) ffl OH- 
I 

Ro 



(wherein Ro is selected from hydrogen, an alky! group and an aryl group and a plurality of Ro may be 
identical or different and m is 2-6) are randomly inserted in a chain comprising oxymethyiene units. 

The proportion of oxyalkylene units inserted in the polyoxymethylene copolymer is 0.05-50 mols, and 
more preferably 0.1-20 mols, per 100 mols of oxymethyiene units. 

The oxyalkylene units include, for example, oxyethylene units, oxypropylene units, oxytnmethylene 
units, oxytetramethylene units, oxybutylene units, and oxyphenylethylene units. 

Of these oxyalkylene units, oxyethylene units { {CHa^O} and oxytetraethylene unrts t^SHafcOJ are 
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especially preferred for improving the properties of the acetal copolymer. 

The particulate crosslinked polymer unit which is another component of the acetal copolymer of the 
present invention is a particulate crosslinked polymer composed mainly of a copolymer of one or two or 
more vinyl monomers and a polyfunctional crosslinking agent and is derived from a particulate crosslinked 
5 polymer having a functional group selected from the group consisting of a hydroxyl group, a carboxyl 
group, an amino group, an amide group, an alkoxy group, an acid anhydride group, and an epoxy group. 

As the vinyl monomers, mention can be made of, for example, aromatic compounds such as styrene, p- 
methyistyrene, and a-methylstyrene; halogen compounds such as vinyl chloride and vinylidene chloride; 
nitriie compounds such as acrylonitrile and methacrylonitrile; methacryiate esters such as methyl 
70 methacryiate, ethyl methacryiate, propyl methacryiate, butyl methacryiate, isobutyl methacryiate, and n- 
stearyl methacryiate; acryiate esters such as methyl acrylate, ethyl acrylate, n-butyl acrylate, and 2- 
ethylhexyi acrylate; vinyl esters such as vinyl acetate and vinyl propionate, and conjugated diene com- 
pounds such as butadiene and isoprene. 

These vinyl monomers can also be used in combination of two or more. 
15 These vinyl monomers are preferably acrylate esters, methacryiate esters, conjugated diene com- 
pounds, aromatic compounds and nitriie compounds. 

More preferred are n-butyi acrylate, 2-ethyIhexyi acrylate, ethyl acrylate, isopropyl acrylate, methyl 
methacryiate, ethyl methacryiate, propyl methacryiate, isobutyl methacryiate, butadiene, styrene, and 
acrylonitrile. 

20 As the polyfunctional crosslinking agent, there may be used crosslinking agents which are generally 
used, such as divinyl compounds, diaiiyl compounds, and dimethacryl compounds and preferred are ethyl 
diacrylate, n-butyl diacrylate, and diethylene glycol diacrylate. The proportion of the polyfunctional crosslin- 
king agent is preferably 0.1-20% by weight, and more preferably, 0.1-5.0% by weight based on total weight 
of the particulate crosslinked polymer. 

25 The particulate crosslinked polymer having a functional group is a particulate polymer having an 
average particle size of 0.01-10 /im which is obtained by copolymerizing one or more vinyl monomers 
constituting the particulate crosslinked polymer unit, a polyfunctional crosslinking agent, and one or more 
graft-copolymerizable vinyl monomers having a functional group selected from the group consisting of a 
hydroxyl group, a carboxyl group, an amino group, an amide group, an alkoxy group, an acid anhydride 

30 group, and an epoxy group. 

The functional group of the particulate crosslinked polymer is derived from the functional group of the 
above graft-copolymerizable vinyl monomer and the acetal copolymer of the present invention comprising 
the polyacetal and the particulate crosslinked polymer are reaction bonded through the functional group of 
the graft-copolymerizable vinyl monomer. 

35 The graft-copolymerizable monomers having a functional group can be classified into the following 
seven groups. 

The first group includes graft-copolymerizable vinyl monomers having a hydroxyl group such as, for 
example, 2-hydroxy ethyl methacryiate, 2-hydroxyethyi acrylate, p-hydroxystyrene, ally! alcohol, and vinyl 
alcohol. 

40 The second group includes graft-copolymerizable vinyl monomers having a carboxyl group such as, for 
example, acrylic acid, methacrylic acid, maieic acid, fumaric acid, itaconic acid, citraconic acid, and 
tetrahydrophthalic acid. 

The third group includes graft-copolymerizable vinyl monomers having an amino group such as, for 
example, m-aminostyrene and p-dimethylaminostyrene. 
45 The fourth group includes graft-copolymerizable vinyl monomers having an amide group such as, for 
example, acryiamide and methacrylamide. 

The fifth group includes graft-copolymerizable monomers having an alkoxy group such as, for example, 
methoxyvinyl, butoxyvinyl, p-methoxy styrene, and 2-methoxy ethyl methacryiate. 

The sixth group includes graft-copolymerizable vinyl monomers having an acid anhydride group such 
so as, for example, maieic anhydride, citraconic anhydride, itaconic anhydride and tetrahydrophthalic -anhy- 
dride. 

The seventh group includes graft-copolymerizablevinyl monomers having an epoxy group such as, for 
example, p-gfycidyi a-methyistyrene, glycidyl methacryiate, glycidylethyi acrylate, glycidylethyi 
methacryiate, and glycidylvinyl. 
55 These graft-copolymerizable vinyl monomers can also be used simultaneously in a combination of two 
or more. 

Furthermore, introduction of a functional group into^the^Darticulate cross! inkgd»po4ymer can also be 
carried out by reacting a reactive group contained in the particulate crosslinked polymer with a reactive 
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group of a compound having a functional group and a reactive group in comb.nat.on. Alternately the 
peculate crossLed polymer can also be synthesized by modifying a functional group .ntroduced mto a 

particuclate crosslinked polymer by means of hydrolys.s or the like. 

Graft-copolymerizabie vinyl monomers are preferably graft-copolymenzabte v.nyl monomers ^ a 
hydroxyl group from the point of stability of reaction bonding between the po.yacetal and the particulate 

^e^oSTn of the graft-copolymerizabie vinyl monomer is preferably 0.05-30% by weight basec ion 
the total weight of the particulate crosslinked polymer. If it is less than 0.05% by we.ght, reaction bond.ng 
between the polyacetal and the particulate crosslinked polymer is difficult and. ,f rt -s more, than 30 % by 
wetht mechanica. properties of the resulting acetal copolymer great.y deteriorate. A more preferred range 

iS ° The° partL'aie aosslinked polymer is a polymer which is particulate in its primary form and has an 
average particle size of 0.01-10 ,m. The primary form is a form which ™^ es *™™^Z* 
particulate crosslinked polymer and is normally hand.ed as an agglomerate of particles ^ tf» 

If the average particle size of the particulate crosslinked polymer ,s less than 0.01 ^m excellent 
properties such as impact resistance and weathering resistance possessed by the part.culate crossl.nked 
poCer cannot be imparted to acetal copolymer and if it is more than 10 ,m, mechanical propert.es 
Sent in isotropy referred to in the present invention cannot be imparted to the acetal copolymer. 

The average particle size of the particulate crosslinked polymer is more preferably w.th.n the range of 

^'^particulate crosslinked polymer preferably has a narrow breadth of particle size dist n^ When 
particle size distribution is wide, the mechanical properties excellent in isotropy referred to .n the present 
invention cannot be imparted to the resulting acetal copolymer. 

The particle size distribution of the particulate crosslinked polymer is more preferably w.th.n the range 

° f ^^e'vis'cosity of the acetal copolymer of the present invention must be within ^f^^J^ 
The viscosity used herein is one measured in a mixed solvent of 50% by we.ght of p-chloroph end and 
50% by weight of tetrachloroethane at 60* C by a usual Oswald viscometer. Specmcatiy ^ 25 m of a 
sample (polymer) to be measured is dissolved in 5 ml of the above m.xed solvent and the t.me (T, ) 
required for the solution to pass between marked lines of the viscosity tube .s measu .red at 60 ^ Snm.larty 
measurement is conducted with only the mixed solvent and the time requ.red .s referred to as T 2 . The 
viscosity in the present invention is obtained by the following calculation formula. 

Ti - T 2 

Viscosity = ~ x 2 ( dl /9) 

T2 

If the viscosity of the acetal copolymer is less than 0.1 (dl/g), mechanical properties ; of the acetal 
copolymer deteriorate to lose practicality. If the viscosity is more than 10 (dl/g) P™~*^ 
copolymer deteriorates considerably and in this case, too, the acetal copolymer lacks pract.cal.ty. 

The viscositv of the acetal copolymer is more preferably 0.5-5 (dl/g). 

The partite crosslinked polymer units of the present invention may have a multi-phase structure of 
two or more phases comprising repeating soft and hard phases. The "soft phas^ 

comprising a polymer softer than the polymer constituting the hard phase and (he hard phase here 
means a phase comprising a polymer harder than the polymer constituting the soft phase. 

"he glass transLn temperature (hereinafter referred to as »Tg») of the polymer constituting the soft 
phase is preferably lower than 25° C and more preferably lower than 0 C. The Tg of the polymer 
constituting the hard phase is preferably 25* C or higher, more preferably 50 C or h.gher 

P^eferabTy the polymer has a soft phase comprising an acry.ate ester or a conjugated d.ene compound 
and a S phase comprising a methacrylate ester, an aromatic compound or a n.tnle compound. More 
SeraS £ so phase comprises n-butyl acrylate, 2-ethy.hexyl acry.ate, ethyl acry.ate .sopropy 
acX butadiene or styrene-butadiene and the hard phase comprises methyl methacrylate. ethyl 
methacrvlate propyl methacrylate, isobutyl methacrylate, styrene, or acrylon.tnle. 

Wen Se peculate crosslinked polymer unit has a multi-phase structure, the parftcu.ate crossl.nked 

^Zent^^^^ 
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phases may be an unclear and vague boundary. For example, in the case of a particulate crosslinked 
polymer of a two-phase structure which has a hard phase outside a soft phase, the boundary between the 
soft and hard phases may be a vague boundary which has a gradual variation in composition from the 
composition of the polymer constituting the soft phase to the composition of the polymer constituting the 

5 hard phase. In this case, when a part of the polymer constituting the hard phase enters into the soft phase 
and forms fine and many domains, the particulate crosslinked polymer unit can also be said to have the 
multi-phase structure of the present invention. 

When the particulate crosslinked polymer unit has a multi-phase structure, it is preferred to use the 
above-mentioned poiyfunctional crosslinking agent and the following polyfunctional grafting agent in com- 

70 bination. 

The polyfunctional grafting agent includes polyfunctional monomers having functional groups different in 
reaction rate such as, for example, allyl esters of acrylic acid, methacryiic acid, maieic acid and furharic 
acid. Allyl acrylate and allyl methacrylate are preferred. The proportion of the polyfunctional grafting agent 
is preferably 0.1-5.0% by weight, and more preferably 0.1-2.5% by weight, based on the total weight of the 
75 polymer constituting the phase which is the base for grafting. 

The proportion of the particulate crosslinked polymer contained in the acetal copolymer of the present 
invention is preferably 1.0-90% by weight based on the total weight of acetal copolymer. If the proportion of 
particulate crosslinked polymer is less than 1.0% by weight, the excellent characteristics such as impact 
resistance and weathering resistance possessed by the particulate crosslinked polymer cannot be imparted 
20 to the acetal copolymer and if it is more than 90% by weight, the excellent mechanical properties and 
frictional wear characteristics possessed by the polyacetal cannot be imparted to the acetal copolymer. 
The proportion of the particulate crosslinked polymer is more preferably 5.0-70% by weight. 
The proportion of the particulate crosslinked polymer in the acetal copolymer of the present invention or 
the structure of the acetal copolymer (presence or absence of reaction bonding between the polyacetal and 
25 the particulate crosslinked polymer) can be confirmed by the following method. 

That is, when the acetal copolymer is hydrolyzed in an acidic aqueous solution, the portion comprising 
the repeating oxym ethylene units is converted to formaldehyde and the portion of oxyalkylene unit inserted 
into the polyacetal copolymer is converted to an alkylene glycol of the following formula: 

30 

Ro 
I 

HO — [ — f C )m CM H 

i 

35 Rq 

(wherein R 0 is selected from hydrogen, an aikyl group and aryl group and a plurality of R 0 may be identical 
or different and m =2-6). 

40 The formaldehyde and alkylene glycol are analyzed and amounts thereof are determined by means 
such as gas chromatography and liquid chromatography. 

The particulate crosslinked polymer units contained in the acetal copolymer become the particulate 
crosslinked polymer having the functional group mentioned above since the bond between the polyacetal 
units and particulate crosslinked polymer units is cut. This particulate crosslinked polymer is precipitated 
45 from aqueous solution. Analysis and determination of the amount of the precipitated particulate crosslinked 
polymer are conducted by a usual polymer analysis method. 

It is preferred to use a suitable particulate crosslinked poiymer depending on the required characteris- 
tics of the acetal copolymer of the present invention. 

For example, when impact resistance is imparted to the acetal copolymer, the particulate crosslinked 
so polymer units preferably comprise a poiymer having a Tg of lower than 25*0, and preferably lower than 
0° C. Alternatively, preferred are particulate crosslinked polymer units of two-phase structure having a hard 
phase outside a soft phase and having a higher proportion of the soft phase, the Tg of the poiymer 
constituting the soft phase being preferably lower than 25° C, and more preferably lower than 0° C. 

Furthermore, when weathering resistance is imparted to the acetal copolymer, it is preferred to use 
55 particulate crosslinked polymer units comprising an acrylate ester or methacrylate ester which is superior in 
weathering resistance. 

Besideg, wheji coating and printing characteristics are imparted to the acetal copolymer, it is preferred 
to use particulate crosslinked polymer unit comprising compounds low in solvent resistance and high in 
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polarity such as aromatic compounds, nitrile compounds, methacrylate esters, and *^ <^ 
pSerTec Ms to use particulate crosslinked polymer units comprising styrene, acry.on.tnle, metnyl 
methacrviate, isobutyl methacrylate or methyl acrylate. 

S le process for producing the acetal copolymer of the present inventor, w,ll be explamed. 

The acete? copolymer of the present invention can be produced by homopolymenzmg formaldehyde or 
trioxlne or Spo^merizing formaldehyde or trioxane with a cyclic ether in the presence of a pamcu.ate 

Pr °°?S' narticulate crosslinked polymer of the present invention is a polymer other than a polyacetal which 
h«.T3Sl^StE^ P Jm the group consisting of a hydroxyl group, a ^f^^Z 
group an amide group, an a.koxy group, an acid anhydride group and an epoxy group and has an average 

^^ta^lroSinked polymer can be produced by a customary emulsion ^e^on^ 
nique using a vinyl monomer mentioned below, a graft-copo.ymerizable vinyl monomer hav.ng a functional 
r P seleLd from the group consisting of a hydroxy, group, a carboxy. group, ™ ™™*™*™JnZ 
nrouo an alkoxv qroup an acid anhydride group and an epoxy group, and a polyfunct.onal crossl.nK.ng 
group, an alkoxy gr oup an ' » « particulate crosslinked polymer should have a 

nnunds such as butadiene and isoprene. 

P ThesTviny! monomers can also be used simurtaneous.y in a combination of two or more. 

T^ese vinyl monomers are preferab.y acrylate esters, methacry.ate esters, conjugated d.ene com- 

methac'late Xl methacrylate, propyl methacry.ate, isobutyl methacry.ate, butad.ene, styrene, and 
'^ThTSaft-copolymerizable monomers having a functional" group can be classified into the fo.iowing 

„ S a**"*' teconl0 annyd " de «« h >'< iroph,ha ' ,c anhy - 
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Furthermore, introduction of a functional group into the particulate crosslinked polymer can also be 
carried out by reacting a reactive group contained in the particulate crosslinked polymer with a reactive 
group of a compound having a functional group and a reactive group in combination. Alternatively, the 
particulate crosslinked polymer having a functional group can also be synthesized by modifying a functional 
5 group introduced into a particulate crosslinked polymer by means of hydrolysis or the like. 

When the polyacetal and the particulate crosslinked polymer are reaction bonded to each other, the 
reaction bonding is carried out through the graft-copolymerizable monomer. 

The graft-copolymerizable monomer, namely, the functional group which the particulate crosslinked 
polymer has is preferably a graft-copolymerizable monomer having a hydroxyl group, considering the 
10 reaction rate for the functioning of the particulate crossiinked polymer as a molecular weight modifier during 
synthesis of the polyacetal. 

The proportion of the graft-copolymerizable vinyl monomer is preferably 0.05-30% by weight based on 
the total weight of the particulate crosslinked polymer, if it is less than 0.05% by weight, reaction bonding 
between the polyacetal and the particulate crosslinked polymer is difficult and if it is more than 30% by . 
75 weight, mechanical properties of the resulting acetal copolymer greatly deteriorate. 

A more preferred range is 0.1-20% by weight. 

Furthermore, the molecular weight of the polyacetal unit which constitutes the resulting acetal 
copolymer is determined depending on the proportion of graft-copolymerizable vinyl monomer, namely, 
proportion of functional groups possessed by the particulate crosslinked polymer. Therefore, it is preferred 
20 to determine the proportion of the graft-copolymerizable vinyl monomer depending on the molecular weight 
of the desired polyacetal unit. 

As the polyfunction^ crosslinking agent, there may be used crosslinking agents usually employed such 
as divinyl compounds, diallyl compounds, diacryl compounds, and dimethacryl compounds. Preferred are 
ethyl diacrylate, n-butyl diacrylate, and diethyiene glycol diacryiate. The proportion of the poiyfunctionai 
25 crosslinking agent is preferably 0.1-20% by weight, and more preferably 0.1-5.0% by weight, based on the 
total weight of the particulate crosslinked polymer. 

The poiyfunctionai grafting agent includes poiyfunctionai monomers having functional groups different in 
reaction rate, for example, allyl esters of acrylic acid, methacrylic acid, maleic acid, and fumaric acid and 
preferred are aliyl acrylate and allyl methacrylate. The proportion of the poiyfunctionai grafting agent is 
30 preferably 0.1-5.0% by weight, and more preferably 0.1-2.5% by weight 

The particulate crosslinked polymer of the present invention can be produced, for example, by the 
following general emulsion polymerization method. 

As an example, the production of a particulate crossiinked polymer having a two-phase structure having 
a hard phase outside a soft phase will be shown. 
35 Vinyl monomer, poiyfunctionai crosslinking agent, poiyfunctionai grafting agent and polymerization 
initiator necessary for formation of the soft phase are added to water containing additives such as an 
emulsifier necessary for emulsion polymerization and polymerization is carried out with stirring. 

As the emulsifier, there may be used alkylsulfosuccinate salts such as sodium dioctylsuifosuccinate, 
aikylaromatic sulfonate salts such as sodium dodecylbenzenesulfonate, and the like. 
40 As the polymerization initiator, there may be used peroxides such as diisopropyibenzene hydroperoxide 
and benzoyl peroxide; azo compounds such as azo-bisisobutyronitrile; and the like. 

When the polymerization reaction for forming the soft phase has been completed, then monomers for 
forming the hard phase are additionally added. In this case, if necessary, a polymerization initiator and 
emulsifier may be additionally added. 
45 For producing a particulate crosslinked polymer having a large average particle size, it is preferred to 
repeat several times the procedure of removing unnecessary emulsifier, polymerization initiator, and 
unreacted monomers in the polymerization system and thereafter further adding proper amounts of 
monomers, emulsifier and polymerization initiator. 

Emulsion polymerization is usually carried out at 50-90 " C. 
50 The particulate crosslinked polymer obtained by the above emulsion polymerization can be de- 
composed with water while maintaining the shape of the particles by customary means such as salting-out, 
freeze-thawing and spray drying. The salting-out is carried out using a solution of electrolytes such as 
aluminum chloride and sodium chloride and the precipitate is filtered off. The precipitate is further subjected 
to washing and drying to obtain the particulate crossiinked polymer of the present invention. 
55 For inhibiting a reduction in the heat stability of the resulting acetal copolymer, it is preferred to remove 
a catalyst such as peroxide used in the emulsion polymerization and impurities as much as possible from 
" the particulate crosslinked polymer prior to producing the acetal copolymer of the present invention. 

Next, the process for producing the acetal copolymer of the present invention using %e thus obtained 
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to allow « particulate cosslinksd polymer to be present as fine particles of 0.01-2,000 ,n> in average 
™: P d y is»*n\,Tp«lon part.ce s,ae o, the patriate cos***, polymer la mote preferably 

^rrb^rxrsr^broXrt.^ ,„ *. ^ — y de . 

£bc!S L ^ 

^^^^Tc^nete* for example. M mefals aucb as sodium and jjM. 
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distearylamine, trioctyiamine, and pyridine; quaternary ammonium salts such as ammonium stearate, 
tetrabutyiammonium methoxide, tetrabutyiammonium octanoate, dimethyldistearyiammonium acetate, 
trimethyibenzylammonium acetate, and trimemylbenzylammonium methoxide; phosphonium salts such as 
tetramethyiphosphonium propionate, trimethylbenzylphosphonium ethoxide and tetrabuty I phosphonium 

5 stearate; tetravalent organotin compounds such as tributyltin chloride, diethyitin diiaurate, dibutyitin 
dimethoxide, dibutyitin diiaurate, dioctyltin diiaurate; and tributyltin laurate; alkyi metals such as n- 
butyliithium and ethylmagnesium bromide; and organic chelate compounds such as trisacetylacetonecobalt. 

These cationic polymerization catalysts and anionic polymerization catalysts are used normally in an 
amount of 0.0005-5 parts by weight per 100 parts by weight of formaldehyde or trioxane. 

w The Iromopolymerization or copolymerization is carried out in the absence of a solvent or in an organic 
medium. 

The organic medium usable in the present invention includes, for example, aliphatic hydrocarbons such 
as n-pentane, n-hexane, n-heptane, n-octane, cyclohexane, and cyclopentane; aromatic hydrocarbons such 
as benzene, toluene and xylene; haiogenated aliphatic hydrocarbons such as methylene chloride, chlo- 

15 roform, carbon tetrachloride, ethylene chloride, and trichioroethylene; and haiogenated aromatic hydrocar- 
bons such as chlorobenzene and u-dichlorobenzene. These organic media may be used singly or in an 
admixture of two or more. 

It is preferred to use these organic media in such combination that properly swell the particulate 
crosslinked polymer dispersed in the polymerization system. 

20 Polymerization temperature is usually set in the range of -20 - 230 ° C, but is more preferably 20- 
210° Cin the case of not using a solvent and, in the case of using an organic medium, is more preferably 
-10 - 120° a 

Polymerization time is not critical, but is set within the range of 5 seconds - 300 minutes. 

After lapse of a given time, a terminator is added to the reaction system or the polymer is separated 
25 from the medium,, thereby to complete polymerization. Usually, the resulting polymer is stabilized by 
eliminating unstable terminals by hydrolysis or by capping the unstable terminals by esterification or the 
like. The stabilized acetai copolymer to which a stabilizer is added is put into practical use. 

In the production of the acetai copolymer of the present invention, other polyacetals excellent in 
isotropy can also be obtained easily with respect to the production technique by using polymers other than 
30 the above-mentioned particulate crosslinked polymer and other than the polyacetal. The "other polyacetals" 
here means acetai copolymers obtained by using polymers other than a polyacetal in place of the above 
particulate crosslinked polymer. 

That is, another object of the present invention is to provide a process for producing an acetai 
copolymer composed of polyacetal units and polymer units other than polyacetal which comprises a 
35 polyacetal and a polymer other than a polyacetal which are reaction bonded through a functional group 
mentioned below and which has a viscosity of 0.1-10 (di/g), characterized by homopolymerizing formal- 
dehyde or trioxane or copolymerizing formaldehyde or trioxane with a cyclic ether in the presence of a 
polymer other than a polyacetal which has a functional group, selected from the group consisting of a 
hydroxy! group, a carboxyl group, an amino group, an amide group, an alkoxy group, an acid anhydride 
40 group, and an epoxy group and has an average dispersion particle size of 0.01-2000 /im. 

Polymers other than a polyacetai and other than the particulate crosslinked polymer (hereinafter 
referred to as "other polymers") in the present invention can be classified into the following two groups. 

The first group includes polymers (hereinafter referred to as "polymer ©") having at a terminal at least 
one functional group selected from the group consisting of a hydroxyl group, a carboxy! group, an amino 
45 group, an amide group, an alkoxy group, an acid anhydride group and an epoxy group. The second group 
includes polymers (hereinafter referred to as "polymer ® ") having at least one of the above functional 
groups in the main chain. 

When the polyacetal is referred to as A and the other polymer is referred to as B and when polymer © 
has a functional group at one terminal thereof, A-B diblock copolymers can be obtained and when polymer 
so © has functional groups at both terminals, A-B-A triblock copolymers can be obtained. Furthermore, when 
the other polymer is polymer ® , acetai graft copolymers having B as a backbone polymer and A as a 
branch polymer can be obtained. 

Compounds of polymer © include, for example, rigid polymers such as polyamides (nylon-6, -66, -11, 
-12, etc.), polyethylene terephfhalate, polybutylene terephthalate, polycarbonate, polyphenylene ether, 
55 polyaryiate, and polyphenylene sulfide and soft polymers such as thermoplastic elastomers of the polyester 
type, polyurethane type, polyamide type and polystyrene type. 

Compounds of polymer ® inciurje, ior^example, compounds shown below and coinpoaRds obtained by 
modifying the compounds shown below using graft-copolymerizable vinyl monomers as referred to 
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hereinbefore in the presence or absence of a peroxide by an extruder or the like (hereinafter referred to as 

m ° d S moSfolymer © has been modified with a graft-copolymerizable vinyl monomer can be easily 
confirmed bv general analysing techniques such as IR. 

Polymers © or compounds usable for production of modified polymers © include, for example, ng.d 
polymers such as AAS resin, AES resin, AS resin, ABS resin, ethylene-vinyl chloride copolymer h,gh- 
density polyethylene, low-density polyethylene, polypropylene, ultra-high molecular we.ght P°'^mytene. 
polyv^yl alcohol, and polyviny. ether and soft polymers such as ethylene-propylene copolymer, ethy ene- 
pTpylene-diene copolymer, styrene-diene copolymer, hydrogenated styrene-diene copolymer, .sobutyiene- 
2° anhydride copolymer, ethylene-vinyl acetate copolymer, polybutadiene. poly.soprene, and 
acetonitrile-butadiene copolymer. ^wish, 

The functional group possessed by the other polymer is preferably a hydroxyl group .n view of stab.irty 
nf the acetal copolymer as in the case of the particulate crosslinked polymer. 

Whe 1 o P i polymer is modified polymer ©, the proportion of graft-copo,ymerizab.e monomer 
used for preparation of the modified polymer © is preferably 0.05-30% by weight, and more preferably 

°' 1 tof easy^Suction of the acetal copolymer with respect to the production technique which is a feature 
of the present invention, it is necessary to allow the other polymer to be present as fine partdes of 0.01- 
2 000 1 in- average dispersion particle size in the polymerization system of the present .nvenfion as n the 
case oHhe particulate crosslinked polymer. The other polymer can be made into fine parfcles by grmd.no 
it using a customary grinder or the other polymer in the form of particles present in the products process 
of the other polymer can be used as it is. 

A more preferred breadth of distribution of average dispersion particle size of the other polymer .s 0.1- 

1 ' 00 A Crow distribution of dispersion particle size of the other polymer in the polymerization system is 
Dreferred and more preferred is 0.01-3,000 ^m. 

Furthermore, it is preferred that particles of the other polymer are swoilen to such an extent ,n the 
polymerization system that the shape of the particles is not greatly damaged. 

On the other hand, if the particles of the other polymer are swollen too much and the shape o r th e 
oarticles is lost or they are completely dissolved in the polymerization system, the resulting aceta 
coSyme is in the state of a viscous slurry. Thus, filtration and drying of the acetal copolymer are drfncult 
ZZ present invention to produce the acetal copolymer easily with respect to products 

^^S^TTc^ Polymer in the aceta, copolymer obtained in the present inven^n is 
preferably 1 0-90% by weight, and more preferably 5.0-70% by weight, based on the total we-ght of the 

^ AsT'X; polymers used in the present invention, there may be used appropriate polymers 
deDendinq on the characteristics required for the resulting acetal copolymer. 

Tor Example, when impact resistance is to be imparted to aceta. copo.ymer. the other polymer ,s 
preferably a soft polymer and more preferably, a po.ymer © such as ethylene-propylene copolymer 
e Meneiropyiene dienecopolymer, styrene-diene copolymer, and hydrogenated styrene-d.ene copolymer. 
SesTpdymerized with "ethylene-propyl copo.ymer here are preferab.y dk^opentod^ 
ethyiidenenorbornene, methylenenorbornene, and 1 .4-hexadiene. Dienes copolymenzed wrth styrene are 
preferably butadiene, isoprene and cyclopentadiene. , . . 

When sliding characteristic is the imparted to the aceta. copolymer, the other polymers are preferably 
polymers © such as high-density polyethylene, low-density polyethylene, ultra-h.gh molecular we,ght 
polyethylene and ethylene-propylene copolymer. im „ artoH tn th<= 

When weathering resistance and coating and printing charactenst.es are to be .mparted ^ to the 
polyaceta. copo.ymer, the other polymers are preferably polymers © such as AAS res,n, AES ream, AS 

'^FeTturef of thfprocess for producing the aoetal copolymer of the present invention can be summarized 

35 m The acetal copolymer just after copolymerization is in the form of partic.es and there are no problems 
n production technique such as filtration and drying and the process can be industna ly practised 
2) The polymer other than the polyaceta. is in the form of fine particles ,n the po lymenzatron system 
and so rt functions as a molecular weight modffier at a high rate and an acetal copolymer hav.ng 

excellent properties can be obtained. , ><mar 

(3) Because of e%sfn3<?s in the production technique (related to (1)), prodbcfioifof an acetal copolymer 
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containing a polymer other than a polyacetai in a high proportion which has been hitherto impossible can 
be easily attained. 

(4). Sticking of polymer to the inside of the polymerization tank is minimal and the acetal copolymer can 
be smoothly produced. 

5 

[Examples] 

The present invention will be explained by the following examples and comparative examples, but the 
present invention is not to be limited by them, 
w Items of measurement and the methods for measurement thereof in the examples and comparative 
examples are as follows. 

(1) Easiness in production technique: 

75 Polymer slurry obtained in the polymerization was filtered by a glass filter (G2, maximum pore diameter 
100-150 fim) and easiness of polymerization was evaluated by easiness in filtration and time required for 
filtration. This evaluation is an indication of the possibility of easy production of acetal copolymer with 
respect to production technique. 

The symbol "0" in the results of evaluation means as follows: 

20 0: Polymer slurry can be instantaneously separated into particulate polymer and solvent (colorless and 
transparent). 

(2) Average particle size: 

25 Average particle size of the particulate crosslinks polymer was measured by photography using an 
electron microscope. 

(3) Average dispersion particle size: 

30 Measurement was conducted using a customary particle size distribution measuring device (Coulter 
counter). 

(4) Analysis of composition of acetal copoiymer: 

35 Proportions of the particulate crossiinked polymer and other polymer contained in the acetal copolymer 
were measured by the following method. That is, the resulting acetal copolymer was extracted for about 5 
hours at the boiling point of an organic solvent (e.g., toluene) which can dissolve only the other polymer 
used as a molecular weight modifier or/and an organic solvent (e.g., hexafluoro isopropanol) which can 
dissolve only polyacetai. 5.0 g of acetal copolymer after being subjected to extraction was accurately 

40 weighed and added to 100 mi of 1N hydrochloric acid and the polyacetai portion in the acetai copolymer 
was completely decomposed at 130* C for 2 hours. The residue after decomposition was washed and dried 
and the weight of the residue was measured and the proportions of the particulate crossiinked polymer and 
the other polymer in the acetal copolymer were obtained. 

45 (5) Viscosity: 

25 mg of acetal copoiymer was dissolved in 5 ml of a mixed solvent (p-chlorophenol 50% by weight 
and tetrachloroethane 50% by weight). Viscosity was measured using an Ostwald viscosity tube at 60 C. 
The viscosity is an indication of the molecular weight of the acetal copolymer. 

50 

(6) Measurement of properties: 

(T) Tensile weld characteristics: 

This was measured in accordance with ASTM D-638. The weld test -was conducted using a test 
55 piece which forms a weld line at the center on a shape of a test piece of double gate. Distance between 

chucks was 114 mm (standard) and pulling rate was 50 mm/min. 
^ ® Izod impact characteristics:* " 

This was measured in accordance with ASTM D-256. 
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Example 1 

(1) Preparation of particulate crossiinked polymer (A): 

In a 10 I beaker provided with a stirrer and a condenser were charged 5.7 I of distilled water, 20 g of 
sodium dioctylsulfosuccinate as an emulsifier, and 1.2 g of Rongalit as a reducing agent to carry out 

homogeneous dissolution. . . oe 

Thereto was added a homogeneous solution of 1.270 g of n-butyl acrylate (here.nafter referred to as 
«BA") 320 g of styrene (hereinafter referred to as "St"), 20 g of diethylene glycol diacrylate ^hereinafter 
referred to as "DEGA"), 1.6 g of diisopropylbenzene hydroperoxide (hereinafter referred to as PBP ), ana 
150 g of 2-hydroxyethyl methacrylate (hereinatter referred to as "HEM A") as a graft-copolymerizable vinyl 
monomer having a hydroxyl group and polymerization was carried out at 80 C. Reaction was completed in 
about 40 minutes. Tg of the resulting polymer was -37 C. , „ in( ^, lf , ori 

Then, the polymer was heated to 95*0 and was left for 1 hour. The resulting polymer was ^reduced 
into a 0 5% aqueous aluminum chloride solution to agglomerate and the agglomerate was washed with 
warm water five times and dried to obtain a white particulate crossiinked polymer (A). 
Average particle size of this particulate crossiinked polymer was 0.21 P m. 

(2) Preparation of acetal copolymer: 

In 10 I of cyclohexane was suspended 1,060 g of the particulate crossiinked polymer (A) obtained in (1) 
at an average dispersion particle size of 150 „m. Thereafter, to the cyclohexane were continuously fed 
anhydrous formaldehyde at 2000 g/hr and tetrabutylammonium acetate as a polymenzat.cn catalyst at 0.30 
o/hr for 1 hour, during which the polymerization temperature was kept at 50 C. 

The resulting polymer slurry contained particulate polymer and when this polymer slurry was filtered 
using a glass filter (Q2), the slurry was able to be separated easily and rapidly into particles and solvent 

The particles were contacted with acetic anhydride in the form of vapor to carry out terminal 
stabilization, thereby to obtain an acetal copolymer of the present invention 

The proportion of the particulate crossiinked polymer (A) in the acetal copolymer was 33 A, by weight. 
Viscosity of the acetal copolymer was 2.8 (dl/g). , 

A known stabilizer such as an antioxidant was added to this acetal copolymer and the copolymer was 
melt kneaded in a 30 mm* twin-screw extruder having a high shearing performance at a cylinder 
temperature of 200° C. a screw speed of 100 rpm, and a extrusion amount of about 5 kg/hr to obta.n pellets 

of the acetal copolymer. km ^ 5 nnVin nhtain a 

The pellets were sufficiently dried and injection molded at a cylinder temperature of 200 C to obta.n a 

test piece. Evaluation was carried out of the test piece. 
Tensile weld characteristics are shown below. 
Tensile weld characteristics (weld portion/non-weld portion) 

Strength (kg/cm2) Elongation (%) 

288/292 59/67 



This acetal copolymer had good weld characteristics and had the mechanical properties excellent in 
isotropy of the present invention. This copolymer also had an excellent impact resistance of 63 kg cm/cm in 
Izod impact value. 

Comparative Example 1 

A particulate crossiinked polymer (B) was prepared in the same manner as in Example 1 except that 
HEMA was not used. Furthermore, the procedure was conducted in the same manner as in Example 1 
except that acetic anhydride as a molecular weight modifier was. fed at 3 g/hr in the preparation of the 

acetal copolymer ^ ^ copolymev was taken out and extracted wfth hexafluoro ^opropanol 
Weight retention after extraction based on that before extraction was 36% by weight This indicates that 
most of the polyacetal was extracted^ removed and means that reaction bonding was not present 
between the polyacetal and the pafeculate crossiinked polymer (B). * ' 
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Tensile weld characteristics of the resulting acetai copolymer are shown below. 

Strength (kg/cm2) Elongation (%) 

189/290 7/64 

Thus, when the poiyacetal and the particulate crosslinked polymer were not reaction bonded because a 
70 particulate crosslinked polymer having no functional group was used,. an acetai copolymer having mechani- 
cal properties excellent in isotropy was not obtained. 

Izod impact value of this copolymer was low, namely, 17 kg cm/cm. 

Examples 2-5 

75 

The procedure of Example 1 was repeated except that the proportion of the particulate crosslinked 
polymer in the acetai copolymer was changed and the same evaluation was conducted. The results are 
shown in Table 1. Good results were obtained for all proportions of the particulate crosslinked polymer. 

20 Examples 6-8 

The procedure of Example 1 was repeated except that the proportions of BA and St which constituted 
the particulate crosslinked polymer were changed to change the Tg of the particulate crosslinked polymer, 
and the same evaluation was conducted. Good results were obtained as shown in Table 1 . 

25 

Examples 9-11 

The procedure of Example 1 was repeated except that the addition amount of emulsifier was changed 
and the average particle size of the particulate crosslinked polymer was changed and the same evaluation 
30 was conducted. The results are shown in Table 1. Acetai copolymers having mechanical properties 
excellent in isotropy in a wide average particle size range were obtained. 

Examples 12-14 

35 The procedure of Example 1 was repeated except that the amount of HEMA was changed to change 
the number of hydroxy! groups possessed by the particulate crosslinked polymer and the same evaluation 
was conducted. The results are shown in Table 1. Good results were obtained in all of these Examples. 

Example 15 

40 (1) Preparation of particulate crosslinked polymer (C): 

A particulate crosslinked polymer (C) of two-phase structure having a hard phase outside a soft phase 
was prepared in the following manner. 

A polymer constituting the soft phase was prepared in the same manner as in Example 1 except that 
45 1,270 g of BA, 320 g of St, 20 g of DEGA, and 13 g of allyl methacryiate (hereinafter referred to as 
"ALMA") were used as monomers for polymerization in place of those used for preparation of the 
particulate crosslinked polymer (A). Tg of the polymer was -38° C. 

Next, for formation of the hard phase as the outermost phase, thereto was added a homogeneous 
solution of 680 g of methyl methacryiate (hereinafter referred to as "MMA"), 4.0 g of BA, and 14 g of HEMA 
so as monomers and 0.6 g of PBP and 0.2 g of n-octylmercaptan (hereinafter referred to as "OM") and 
polymerization was carried out. Tg of the polymer obtained by single polymerization of these monomers 
was 109° C. The reaction at this stage terminated in about 15 minutes. 

Furthermore, the same procedure as in Example 1 was carried out to obtain the white particulate 
crosslinked polymer (C). 

55 

(2) Preparation of acetai copolymer: 

» ■• 

An acetai copolymer was obtained in the same manner as in Example 1 and evaluation thereof was 
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conducted in the same manner. „■*••* i„ ' 

As shown in Table 2, this aceta! copolymer had mechanical properties excellent m isotropy. In this way. 
an acetal copolymer having mechanical properties excellent in isotropy can also be obtained using a 
particulate crosslinked polymer having a two-phase structure. 

5 

Examples 16-26 

The procedure of Example 1 was repeated except that the composition (graft-copolymerizable vinyl 
monomer) and proportion of the particulate crosslinked polymer were changed and the same evaluation was 

W COn Re C suft S of the evaluation are shown in Table 2. In all of these Examples, the resulting acetal copolymers 
had the mechanical properties excellent in isotropy of the present invention. 

Example 27 

The procedure of Example 15 was repeated except that 170 g of glycidyl methacrylate was used in 
place of HEMA, thereby to obtain a particulate crosslinked polymer (D). 

Then 5000 g of the particulate crosslinked polymer (D). 15 kg of trioxane, 750 g or ethylene oxide. 0.50 
g of boron trifluoride, and 50 g of methylai were charged in a kneader having two s tgma-type blad es and 
20 polymerization was carried out at 80* C for 45 minutes. Subsequently, 1200 g of tnethylamine and 5 kg of 
water were added, followed by stirring at 150' C for 30 minutes to stabilize the polymer A stabler such as 
an antioxidant was added to this polymer and the polymer was pelletized by a 30 mm* s.ngle-screw 
extruder and evaluation was conducted as in Example 15. 

The results are shown in Table 2. It can be seen that the resulting acetal copolymer obtained m the 
as cationtc polymerization system also had very good results as in this Example. 

Comparative Examples 2 and 3 

Two kinds of particulate crosslinked polymers having average particle sizes of 0 009 and 11 ,m 
were prepared in the same manner as in Example 1 except that the amount of emulsrf »' J* chan^ to 
change the average particle size of the particulate crosslinked polymer in the preparat.on of the part.culate 

Cr0S uZ^eT^rs, aceta, copolymers were prepared in the same manner as in Example 1. Results 
of the evaluation of the resulting acetal copolymers are shown in Table 3. 

As can be seen from Table 3, an acetal copolymer having high impact resistance characterises was 
not obtained when the average particle size was less than 0.01 „m and weld characteristics of the acetal 
copolymer decreased considerably when the average particle size was more than 10 ? m. 

Comparative Examples 4 and 5 

The procedure of Example 1 was repeated except that the amount of HEMA was changec i in the 
preparation of the particulate crosslinked polymer (A) and the proportion of the particulate c^shnked 
polymer in the acetal copolymer was changed and evaluation was conducted as .n Example 1. The results 

45 ^ ^own^n Ta'ble 3, tensile properties and the Izod impact value of the resuming acetal copolymer 
decreased greatly when the viscosity was less than 0.1. Furthermore, when the v,scos,ty was more than 10, 
the resulting acetal copolymer was not able to be injection molded and thus was not practical. 

Example 28 

50 2-Hydroxyethyl methacrylate modified ethylene-propylene elastomer (hereinafter referred to as 
"modified EPR") was used as the other polymer. This modified EPR had eight hydroxy, groups in .the mam 
chain and had a number-average molecular weight of 6 x 10* and a polypropylene content of 30^ A _by 
weight. This modified EPR was freeze-ground by a customary grinder at -160 C to an average d.spers.on 

" P Tlfrr d ehyTrated cydohexane was suspended 1,050 g of this modified EPR which had been 
sufficiently dried under reduced pressure and dehydrated in the form of particles having the average 
d"n partSe size mentioned' above. In a 12 liter polymefeaHbr, tank filled with cydohexane were 
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continuously fed the modified EPR at 250 g/hr, formaldehyde of 99.9% purity at 1 ,000 g/hr, cyciohexane at 
5 l/hr, and tetrabutylammonium acetate as a polymerization catalyst at 0.15 g/hr for 4 hours, during which 
the polymerization temperature was kept at 60 C. 

The resulting polymer slurry contained the polymer in particle form and when this polymer slurry was 
5 filtered by a glass filter (G2), it was able to be easily and rapidly separated into particles and polymerization 
solvent Substantially no polymer stuck to the polymerization tank. 

Furthermore, the particles were stabilized by contacting them with acetic anhydride vapor to obtain the 
acetai copolymer of the present invention. 

The amount of the modified EFR introduced in this acetai copolymer was 18.9% by weight and the 
10 viscosity of the acetai copolymer was 4.1 (di/g). 

Then, a known stabilizer such as an antioxidant was added to the resulting acetai graft copolymer and, 
thereafter, the copolymer was melt kneaded by a 45 mm^> twin-screw extruder at a cylinder temperature of 
210° C, a screw speed of 50 rpm, and an extrusion amount of 2 kg/hr to obtain pelletized acetai copolymer. 
The pellets were sufficiently dried and then injection molded at a cylinder temperature of 210° C to obtain a 
75 molded piece. This was subjected to measurement of tensile weld characteristics and (zod impact value. 

Tensile weld characteristics (weld portion/non-weld portion) 

Strength (kg/cm2) Elongation (%) 

20 

470/475 76/81 

Izod impact value was 48 kg cm/cm which indicates a high impact resistance. The resulting acetai 
25 copolymer had mechanical properties excellent in isotropy. 

Examples 29-32 

The procedure of Example 28 was repeated except that the proportions of the modified EPR and HEMA 
30 were changed and evaluation was conducted as in Example 28. The results are shown in Table 4. 

In all of these Examples, acetai copolymers were able to be produced easily with respect to production 
technique as required by the present invention. Further, the resulting acetai copolymers had mechanical 
properties excellent in isotropy. 

35 Comparative Example 6 

The procedure of Example 28 was repeated except that 1,000 g of the modified EPR used was 
completely dissolved in 10 I of dehydrated toluene and this was continuously fed into the cyciohexane at 
250 g/hr. 

40 The resulting polymer slurry was very highly viscous and an acetai copolymer in the form of particles 

was not seen in the polymerization solvent. 

Filtration by glass filter (G2) required a very long time for separating the acetai copolymer and 

polymerization solvent from the polymer slurry and the filtrate was somewhat cloudy. It was considered that 

this is because acetai copolymer which had not yet become particles entered into the filtrate. Thus, it must 
45 be said that it was impossible to produce acetai copolymer easily with respect to the actual production 

technique. Furthermore, much polymer stuck to the inside of the polymerization tank. 

Comparative Example 7 

so The procedure of Example 1 was repeated except that 2,000 g of the modified EPR used was 
completely dissolved in 20 I of dehydrated toluene and the solution was continuously fed into the 
cyciohexane at 500 g/h (of modified EPR) in Comparative Example 1 . 

When the resulting polymer slurry was filtered by glass filter (G2), no filtrate was obtained and thus 
filtration was impossible. ~ 

55 in this way, when the other polymer used is completely dissolved in a solvent and is used, if the 
proportion of the other polymer in the acetai copolymer is high as in this comparative example, it is no 
longer possible to produce, acetai copolymer stably with respect to the actual prod uctior^technj que. 
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Examples 33-38 

Example 28 was repeated except that various other polymers were used in place of the modified EPR 
and evaluation was conducted. The results are shown in Table 4. . 

In all of these examples, it was possible to produce acetal copolymers easily with respect to the 
product technique as required by the present invention. Furthermore, the resulting acetal copolymers 
had mechanical characteristics excellent in isotropy. 

Example 39 

As the other polymer, 5,000 g of glycidyl rnethacrylate modified EPR ground to an average dispersion 
partide L of 45 °m was charged into a kneader having two sigma type blades and thereto were further 
added 10 kg of trioxane, 500 g of ethylene oxide, 0.30 g of boron trifluoride, and 30 g of methyal and 
Dofvme ization Irs carrfed out at 70 'C for 60 minutes. Then, 1,200 g of triethylamine and 5 kg of water 
^rSdeTand siring was conducted for 30 minutes at 70'C to stabilize the ; po.yme. To *,s poyme 
was added a stabilizer such as an antioxidant and the polymer was pelletaed by a 50 mm* s.ngle screw 
extruder and, thereafter, evaluation was conducted as in Example 28. 

The results are shown in Table 4. As shown in this example, the acetal copolymer obtamed ,n the 
cationic polymerization system also had mechanical properties excellent .n isotropy. 

Examples 40-47 

In the same manner as in Example 28, evaluation was conducted using the other polymers having 
functional group at a terminal (polymer ©). The results are shown in Table 5. 

In all of these examples, it was possible to produce acetal copolymers easUy wth respect t the 
production technique. Further, the resulting acetal copolymer had mechan.cal propert.es excellent m 
isotropy as required by the present invention. 
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Industrial Applicability 

Accordinq to the present invention, it has become possible to produce acetal copolymers having 
meciSS PC*- excellent in isotropy industrial and easily with respect to P^*^^^ 
Action bonding a polyacetal and polymers other than polyacetals which have spec.fio.pnopert.es. 
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Claims 

I. An acetal copolymer composed of polyacetai units and particulate crosslinked polymer units which has 
a viscosity of 0.1-10 dl/g and comprises a polyacetai and a particulate crosslinked polymer other than a 

5 polyacetai which has a functional group selected from the group consisting of a hydroxy! group, a 
carboxyi group, an amino group, an amide group, an alkoxy group, an acid anhydride group, and an 
epoxy group and has an average particle size of 0.01-10 ^m, said polyacetai and particulate crossiinked 
polymer being reaction bonded to each other through the functional group. 

w 2. An acetal copolymer according to claim 1, wherein the particulate crosslinked polymer units comprise 
an aery late ester, a methacrylate ester, a conjugated diene compound, an aromatic compound, or a 
nitriie compound. 

3. An acetal copolymer according to claim 1, wherein the particulate crosslinked polymer units comprise a 
75 polymer having a glass transition temperature of lower than 25° C. 

4. An acetal copolymer according to claim 1 , wherein the particulate crosslinked polymer units have a 
multi-phase structure of two or more phases which comprise repeating soft and hard phases, the 
polymer constituting the soft phase having a glass transition temperature of lower than 25° C, and the 

20 polymer constituting the hard phase having a glass transition temperature of 25' C or higher. 

5. An acetal copolymer according to claim 4, wherein the particulate crossiinked polymer units have a two 
phase structure having the hard phase outside the soft phase. 

25 6. An acetal copolymer according to claim 4, wherein the soft phase comprises an acrylate ester or a 
conjugated diene compound and the hard phase comprises a methacrylate ester, an aromatic 
compound or a nitriie compound. 

7. An acetal copolymer according to claim 4, wherein the soft phase comprises n-butyi acrylate, 2- 
30 ethylhexyl acrylate, ethyl acrylate, isopropyi acrylate, butadiene, or styrene-butadiene and the hard 

phase comprises methyl methacrylate, ethyl methacrylate, propyl methacrylate, isobutyl methacrylate, 
styrene, or acryionitrile. 

8. An acetal copolymer according to claim 1, wherein the particulate crosslinked polymer has a particle 
35 size distribution of 0.01-20 fivnl 

9. An acetal copolymer according to claim 1, wherein the particulate crosslinked polymer has a hydroxy! 
group. 

40 10. An acetal copolymer according to claim 1, which contains the particulate crosslinked copolymer in an 
amount of 1 .0-90% by weight based on total weight of the acetal copolymer. 

II. A process for producing an acetal copolymer composed of polyacetai units and polymer units other 
than polyacetals which comprises a polyacetai and a polymer other than a polyacetai which are 

45 reaction bonded to each other through a functional group mentioned below and which has a viscosity of 
0.1-10 dl/g, said process comprising homopolymerizing formaldehyde or trioxane or copolymerizing 
formaldehyde or trioxane with a cyclic ether in the presence of a polymer other than a polyacetai which 
has a functional group selected from the group consisting of a hydroxyl group, a carboxyi group, an 
amino group, an amide group, an alkoxy group, an acid anhydride group, and an epoxy group and 

so which has an average dispersion particle size of 0.01-2000 ^m. 

12. A process according to claim 11, wherein the polymer units other than polyacetals comprises a 
polymer having a glass transition temperature of lower than 25° C. 

55 13. A process according to claim 11, wherein the polymer units other than polyacetals are particulate 
crosslinked polymer units. 

14. A process according to claim 13, wherein the particulate crosslinked polymer units comprise an 
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acrylate ester, a methacrylate ester, a conjugated diene compound, an aromatic compound, or a nitrile 
compound. 

15. A process according to claim 13, wherein the particulate crosslinked polymer units have a ™lti-phase 
structure of two or more phases which comprise repeating soft and hard ? ph«* ' P°*£ 
constituting the soft phase having a glass transition temperature or lower than 25 C, and the polymer 
constituting the hard phase having a glass transition temperature of 25 C or higher. 

16. A process according to claim 15, wherein the particulate crosslinked polymer units have a two phase 
structure having the hard phase outside the soft phase. 

17. A process according to claim 15, wherein the soft phase comprises an acrylate ester ^ a ~njugated 
diene compound and the hard phase comprises a methacrylate ester, an aromatic compound or a 
nitrile compound. 

18. A process according to claim 15, wherein the soft phase comprises n-butyl acrylate 

acrylate ethyl acrylate, isopropyl acrylate, butadiene, or styrene-butadiene and the hard phase 
combes methyl methacrylate ethyl methacrylate, propyl methacrylate, isobuty. methacry.ate, sty- 
rene, or acrylonitrile. 

19 A process according to claim 13, wherein the particulate crosslinked polymer comprises a graft- 
copolymerizable vinyl monomer having a functional group selected from the group consisting of . 
hydroxy! group, a carboxyl group, an amino group, an amide group, an alkoxy group, an ac.d anhydr.de 
group, and an epoxy group. 

20 A process according to claim 19, wherein the amount of the graft-copolymerizable vinyl monomer is 
0.05-30% by weight based on total weight of the particulate crosslinked polymer. 

21 A process according to claim 12, wherein the polymer other than a polyacetal is an ethylene-prop^ene 
type, ethylene-propylene-diene type, styrene-diene type, or hydrogenated styrene-d,ene elastomer 
having a functional group in the main chain. 

22. A process according to claim 11, wherein the polymer other than a polyacetal has a dispersion particle 
size distribution of 0.01-3000 ^m. 

23. A process according to claim 11, wherein the polymer other than a polyacetal has a hydroxy! group. 

24. A process according to claim 1 1 , wherein the amount of the polymer other than a polyacetal is 1 .0-90% 
by weight based on the total weight of the acetal copolymer. 

25 A process according to claim 11, wherein the homopolymerization of formaldehyde or trioxane or the 
" copolymerization of formaldehyde or trioxane with a cyclic ether is carried out in an organic med.um. 
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